In this paper, a finite element model has been proposed to analysis the response of isotropic and anisotropic beams subjected to different mechanical loads. The assumed field displacements of the beam are represented by simple first order deformation theory, the Timoshenko beam theory. The equation of motion is derived using the principle of virtual work. A hermit cubic shape function is used to represent the axial displacement u, the transverse displacement w is represented by a quadratic shape function, whereas the normal rotation x  is represented by a linear shape function. The shear correction factor is used to improve the obtained results. A MATLAB code is constructed to compute the natural frequency, the static deformations, and the stresses on the structure due to the applied loads at different boundary conditions. The obtained results of the proposed model are compared to the available results of other investigators, good agreement is generally obtained.
INTRODUCTION
Several researchers are interested to solve the beam structures by different theories. Khdeir and Reddy [1] presented the solution of the governing equations for the bending of cross-ply laminated beams using the state-space concept in conjunction with the Jordan canonical form. They used the classical, the first-order, the second-order, and the thirdorder beam theories in their analysis. They determined the exact solutions for symmetric and asymmetric cross-ply laminated beams with arbitrary boundary conditions subjected to arbitrary loads. They studied the effect of shear deformation, number of layers, and the orthotropic ratio on the static response of composite beams. They found that the effect of shear deformation caused large differences between the predicted deflections by the classical beam theory and the higher order beam theories, especially when the ratio of beam length to its height was low. They also deduced that the symmetric cross-ply stacking sequence gave a smaller response than those of asymmetric ones. In case of asymmetric cross-ply arrangements, they noticed for the same beam thickness that the beam deflection decreased with increasing the number of beam layers and the orthotropic ratio, respectively.
Rao and Ganesan [2] investigated the harmonic response of tapered composite beams using a finite element model. They incorporated the uniaxial bending and Poisson's effect in their formulation. The effects of the in-plane and rotary inertia were considered in the mass matrix. They also investigated the influence of taper profile and taper parameter on the transversal displacement. For the taper profile effect, they predicted for any taper parameter and point harmonic load acting at one-quarter span that the transversal displacement obtained with increasing-decreasing thickness variation was lower than that of a uniform beam. For other thickness variation, the transversal displacement is higher than that of a uniform beam. For the taper parameter effect, they deduced that the frequency decreases with its increase in cases of increasing-decreasing thickness variations and vise-verse.
Yildirim, et al. [3] studied the in-plane free vibration problem of symmetric cross-ply laminated beams based on the transfer matrix method. They considered the rotary inertia, the shear, and the extensional deformation effects on the Timoshenko's beam analysis which gave good results compared to other reporters for the natural frequencies associated with the first and higher modes. Nabi and Ganesan [4] studied the free vibration characteristics of laminated composite beams using a general finite element model based on a first-order deformation theory. The model accounted for bi-axial bending as well as torsion. Their obtained results explained the effect of shear-deformation on various vibration frequencies of angle ply laminates. Also, they studied the effect of beam geometry and boundary conditions on natural frequencies. They concluded that: (i) the natural frequencies decrease with the increase of fiber orientation angle, (ii) the non-dimensional frequency increases for all fiber orientations, with the increase of the beam length to height ratio, (iii) the clamped-free boundary conditions give the lowest natural frequency, and (iv) the shear deformations decrease the non-dimensional natural frequencies.
Elshafei, et al. [5, 6] proposed a finite element model to study the static and the free vibration response of isotropic and anisotropic beams subjected to axial, bending, and torsion loads with warping effect using the classical beam theory. They found that an additional node in the middle of the beam element is required to give a better twisting In the present work, a finite element model has been proposed, based on Timoshenko beam theory with a shear correction factor, to predict the static and dynamic responses as well as the stress analysis of advanced isotropic and anisotropic beams. A MATLAB code is constructed to compute the structure response due to different applied loads at different boundary conditions.
THEORETICAL FORMULATION
The displacements field equations of the beam are assumed as [5] : Selecting the constant values of Eqn. (1)a as:
, the displacements field equations for Timoshenko first-order theory (FOBT) at any point through the thickness can be expressed as [12] :
The strain-displacement relationships obtained by differentiating the assumed displacements field equation, Eqn. (2) , are represented by:
According to the assumptions of the first order Timoshenko beam theory
, the only non-zero stress and strain components are
 , xz  [13] . The strains at any point through the thickness of the beam can be written in matrix form as: 
VARIATIONAL FORMULATION
The equation of motion of the structure is derived herein using the principle of minimum potential energy. The total potential energy of the structure, Π, is represented by [14] :
The internal strain energy for a beam element, U, is represented by [14] :
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where s k is the shear correction factor.
Substituting by Eqn. (7) into Eqn. (6) results in:
By inserting Eqns. (3)a and (3)d into Eqn. (6), one can obtain:
Substituting by Eqn. (4)b into Eqn. (10)a, one can obtain:
The variation of the strain energy term U , Eqn. 
Case II: Anisotropic Beam
The stress-strain relation of a lamina in matrix notation is given in by [13, 16] :
The complete derivation of Eqn. (12) can be seen in Appendix A. Substituting by Eqn. (4) into Eqn. (12) yields the stress strain relation for the lamina as:
The resultant forces and moments per unit length, Substituting by Eqn. (13) into Eqn. (14) and (15) yields: 
The mid-plane strain and curvatures are given in terms of forces and moments as [17] :
where ij ij B
A , and ij D represent the elements of the lamina extensional stiffness, coupling stiffness and bending stiffness matrices, respectively, and given by:
Substituting by Eqn. (12) into Eqn. (13), then the internal strain energy of the composite beam is represented by:
Substituting by Eqns. (3)a and (3)d into Eqn. (20) , the internal strain energy of the beam is represented by:
By performing the integration through the thickness, the internal strain energy for anisotropic beam in its final form is represented by: 
The work done due to external loads is represented by [4] :
where   t is the traction force along the surface,   t f is the transversal forces, and   a f is the axial forces. The first variation of Eqn. (26) yields:
FINITE ELEMENT FORMULATION
In formulating the finite element equations, two models are used. The first model is a simple one, which has two nodes for each element; each node has 6 degrees of freedom which representing the deformations u, w, and  . A linear shape function is used for each of them. In such a case, the predictions of the finite element model are not converged. In the second model, the element has 5 nodes with 9 degrees of freedom representing the deformations u, w, and  as shown in the Fig. 2 . The predictions of the finite element model in this case are converged and it is used for calculating the deflection and the natural frequency in the present work.
The axial displacement u is expressed in the following form [18] :
By solving the previous equation and imposing the boundary conditions, the axial displacement can be represented as:
The Hermit cubic shape functions  j are found to be:
The transversal displacement w is represented as [19] :
By solving the above equation and apply the boundary conditions to determine the unknown constants, the transversal displacement w can be expressed in terms of the nodal displacement as:
where, the quadratic interpolation shape functions are given by:
The rotation angle x  is expressed as [19] :
By solving Eqn. (34) and apply the boundary conditions, the rotation angle is given as:
where the Linear interpolation shape functions 
Equation (37) 
The element stiffness matrix can be deduced from equation (40) The consistent mass matrix for a beam element in stretching and bending can be obtained using the kinetic energy equation as follows: 
The element mass matrix can be obtained from Eqn. 
From equation (46), the elements of the load vector are: 
Equation of Motion
The system equation of motion is given in matrix form as [2] :
where   M is the global mass matrix,    q is the second derivative of the nodal displacements with respect to time,   K is the global stiffness matrix,   q is the nodal displacements vector and   F is the global nodal forces vector.
Numerical Examples
A MATLAB code is constructed to perform the analysis of isotropic and anisotropic beams using the present finite element model. The static and free vibration analyses are preformed for beams subjected to different kinds of mechanical loads. The model inputs are the beam dimensions (length, width and height), material specifications (Young's modulus, material mass density) and number of beam layers and its elements. The present model is capable of predicting the nodal (axial and transversal) deflections, normal and shear stresses and the fundamental natural frequency of the beam, respectively.
Case I: Isotropic beam results a) Model validation
The validation of the present model and its results convergence are checked for the isotropic beam element with the material properties shown in Table (1). The obtained results are shown in Fig. 3 , which presents the effect of number of element on the transversal tip deflection of a cantilever beam, with length to height ratio of 10, subjected to uniform distributed loads. It can be seen from the figure that the model predictions are converge at number of elements of 8.
b) Static analysis
Another example of an isotropic beam with simply supported boundary condition subjected to uniform distributed loads is presented. The input data to the finite element model are listed in Table 2 .
The predicted results of the model are listed in Table 3 and Fig. 4 for the maximum transversal deflection of isotropic beam subjected to a uniformly distributed load with simply supported boundary condition at its ends when using a shear correction factor k =5/6. These results are compared to the exact solution of Ref. [12] which are plotted on the same figure. Table 4 shows the comparison of the maximum deflection of a clamped-clamped beam under uniformly distributed load. It can be seen that the model gave good results compared to the exact solution given by Ref. [12] .
Case II: Anisotropic Beam results a) Static Analysis
To check the validity of the anisotropic model and to establish its range of applicability, a numerical example is investigated and the obtained results are compared to the published results for the same example. For a cantilever beam presented by Ref. [20] Tables 5, 6 and 7 in comparison to the results obtained by Khdier and Reddy [1] . It is clear from the tables that the obtained results by the present model is better for beams having small aspect ratios and close to the predictions of FOBT theory. Figure 5 compares between the transversal deflection of the beam with the results obtained in Ref. [20] . The present figure shows the effect of number of layers on the nondimensional transversal deflection of the beam. It is seen that the beam stiffness increases and consequently the non-dimensional transversal deflection decreases as the number of layers increases.
b) Stress Analysis
In the following, the normal and shear stresses distributions of a composite beam having
, and subjected to a uniformly distributed load with intensity (1 N/m) are predicted using the present model. Figure 6 and Fig. 7 show the normal stress distribution for a symmetric cross ply composite laminate with fibers orientation angles of
and an asymmetric cross ply laminate with fiber orientation angles of
, respectively. In addition, Figure 8 shows the shear stress for a symmetric cross-ply composite laminate with fibers orientation angles of Table 6 . Non-dimensional mid-span deflection of symmetric cross-ply 
c) Free vibration Analysis
The predicted values of the fundamental natural frequency are compared with that of Ref.
[11] for a composite cantilever beam. The beam properties are: Table 8 shows that the obtained results of the present model are agreed with the results of the higher order shear deformation theory (HSDT) [11] . Table 9 shows the effect of number of layers on the non-dimensional natural frequencies of symmetrical laminated beams with clamped-free edges obtained by the present model and the corresponding predicted results of Ref. [11] ; good agreement is generally obtained. It is also seen from the table that the predictive capability of the model is improved with increasing the number of layers. In addition, Table 10 shows the predicted effect of ply orientation angles on the non-dimensional natural frequencies of clampedclamped beams of the present model and the corresponding predictions of Ref. [11] . Good agreement is obtained for ply orientations of [ 0/90/90/0 ] and [ 45/-45/-45/45 ] till the third mode. For higher modes, further work is needed to improve the predictive capabilities of the model. Table 11 shows the effect of different boundary conditions of asymmetric laminated beams on their non-dimensional natural frequencies predicted by the present model and the corresponding predictions of Ref. [11] . The listed results recommend further work to improve the model predictions. 6  6  0  0  0  5  10  5  10  7  5  8  0  0  0  0  3  6  3  3  6  5  2  0  0  6  3  3  6  6  2  0  0  0  0  0  10  15  10 30 8  2  16  8  2  0  0  0  0  3  3  3  3  3  6  6  0  0  0  5  10  5  10  2  0  0  0  0  0  10  30  10  15  8  7  5  0  0  0  0  3  6  3  3  6 6 
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